This paper estimates the impact of peer achievement and variance on math achievement growth. It exploits exogenous variation in peer characteristics generated at the transition to upper-secondary school in a sample of Berlin fifth-graders. Parents and schools are barely able to condition their decisions on peer characteristics since classes are newly built up from a large pool of elementary school pupils. I find positive peer effects on achievement growth and no effects for peer variance. Lower-achieving pupils benefit more from abler peers. Results from simulations suggest that pupils are slightly better off in comprehensive than in abilitytracked school systems. JEL: I21, I28.
Introduction
Peer group composition of classes plays an essential role for school choice decisions of parents. Peer effects are also important in debates on school vouchers, desegregation, ability tracking or antipoverty programs. This paper investigates the (causal) impact of peer ability and heterogeneity on student achievement in math. It exploits exogenous variation in peer group characteristics which is generated in newly built up classes at the transition of Berlin students to upper-secondary school after the fourth grade.
All studies about peer ability and its impact on achievement growth are aware of the existence of severe endogeneity problems. Peer characteristics and student achievement are spuriously correlated if, for instance, children of ambitious parents (i) are more likely to be placed into classes with high-achieving and homogenous peers, and (ii) generally get more support, like private tuition. School principals could also tend to group pupils into classes strategically, particularly if school accountability systems are implemented.
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There are two bodies of convincing research that investigate the impact of peer ability on achievement growth: the first extensively makes use of fixed-effects frameworks whereas the second aims to exploit exogenous variation generated in (quasi-) experimental settings.
Both have in common the estimation of models of educational production that account at least for lagged student and peer achievement. These two variables are assumed to capture past family, peer, and school inputs. 2 Specifications based on cross-sectional data cannot account for past achievement. This yields biased estimates for the impact of peer ability on student achievement because of simultaneity: if peers have an influence on a student's achievement, that student will also affect his/her peers' achievement.
3 Hanushek et al. (2003) and Sund (2009) belong to the first strand of research. Hanushek et al. (2003) analyze a large data set of Texas public elementary school pupils (grades three through six). Controlling for fixed student, school, and school-by-grade effects and an additional number of time-varying student, family, and school characteristics, their results suggest that peer heterogeneity has no significant impact on math learning. Further, a standard deviation increase in peer achievement is associated with a 0.2 increase in (standardized) math achievement, which is substantial. Accounting for time, school, teacher, and individual fixed effects, Sund (2009) also finds positive peer effects among Swedish students who are enrolled in upper-secondary school.
4 Surprisingly, students are better off in classes that are more heterogeneous. He additionally shows that lower-achieving students benefit more from an increase in peer ability than their higher-achieving classmates.
Alternatively, the second strand of research exploits situations where students are (quasi-) randomly grouped into classes. Form the viewpoint of an ideal experiment, random grouping of pupils could reveal the causal impact of peer achievement and peer heterogeneity on achievement growth since variation in peer characteristics is exogenous in this setting.
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Such an event is analyzed in Carrell, Fullerton, and West (2009) , where U.S. Air Force Academy freshmen are exogenously assigned to peer groups of approximately 30 students. In the first year of their university study, these students have limited ability to interact with other students outside of their assigned peer group. Thus these groups might be considered as classes. The authors find positive peer effects in math and science courses. No results are reported for the impact of peer heterogeneity on achievement growth.
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Results presented in this study are obtained from a natural experiment in Berlin uppersecondary schools. Each school year, classes at the fifth grade are newly built up with pupils from a large number of elementary schools. This situation is similar to Carrell, Fullerton, and West (2009) , where peer groups are built up from the pool of Air Force Academy freshmen.
The identification strategy, which will be outlined in more detail, depends on two assumptions: (i) parents of fourth-graders are not able to condition their school choice decision on peer characteristics because classes at the fifth grade are built up in the future.
(ii) Uppersecondary schools have limited possibilities to group fifth-graders by skill at the beginning of a school year -to do so, schools need to monitor pupils for a time.
This study further analyses which students are better off in ability-tracked and comprehensive school systems. Some countries, e.g. Germany or the Netherlands, group students by ability into different secondary school tracks at ages between 10 and 12. By contrast, the lower-secondary school systems of Japan, Norway, the UK, and the US are comprehensive and do not track at all.
The analysis of the data suggests that pupils benefit from an increase in peer math achievement but higher-achieving students do so to a smaller extent. Peer heterogeneity, as measured by peer variance and alternative measures of dispersion, seems not to affect math achievement growth. The results also indicate that pupils with high class percentile ranks (high-achievers within classes) learn more. Depending on the estimates, simulations show that slightly more than the majority of pupils are better off in comprehensive than ability-tracked school systems. The simulations also suggest that the degree of homogeneity and mean achievement of the student body becomes somewhat higher in comprehensive school. The major shortcoming of this study is related to the external validity of the results because they are obtained from a sample of upper-secondary pupils. They might not be representative for the whole student body which could result, for instance, in biased simulation results.
The remainder of the paper is as follows: section 2 briefly describes the data. The identification strategy is outlined in section 3. Section 4 presents the main results. Using simulated data, the winners and losers from a school system change towards comprehensive school are described in section 5. Section 6 concludes.
Data and summary statistics
In Germany, elementary school generally lasts until the fourth grade when children are 10 years old. Thereafter students are tracked by ability into three types of secondary schools:
lower-secondary (Hauptschule), middle-secondary (Realschule), and upper-secondary school (Gymnasium). Upper-secondary school is the most academic track and prepares students for university study. The Berlin educational system is somewhat different since primary educa- Figure 1b ). This suggests that classes (not pupils) in G5 schools are more ho-10 See also Figure 1a . The standardization of math test scores with respect to G5 fifth-graders is explained in 
Exogenous variation in peer characteristics
This section derives the identification strategy and considers to which extent exogenous variation in peer characteristics is given. The functional relationship of interest has the general form ( ).
is pupil 's math test score in time 1 which is, for instance, the end of a school year. All explanatory variables are measured in the past, as indicated by the index 0, which could be the beginning of the school year. Past achievement is assumed to capture sufficiently all previous school, peer, and family inputs. is a set of additional explanatory variables for achievement growth.
The variables of interest are peer achievement and peer variance , both measured at the class level in time 0. Peer achievement is the average test score of 's 11 In Table 1 , the standard deviation of peer achievement differs from the mean of peer variance because the former variable is based on class means whereas the latter describes within-class heterogeneity. 12 Parental education is measured by the highest secondary school degree of the parents. 13 A cross-country comparison in Woessmann (2004) shows that family background has strong effects on student achievement in the US and Western European countries. Among all countries, the strongest effects are found for the UK and Germany. A detailed analysis for the impact of socioeconomic background variables on educational attainment of Swiss pupils is given in Bauer and Riphahn (2007) .
classmates. The calculation of this average excludes as emphasized by the subscript .
Computing in this manner rules out the possibility that any correlation between and is caused by . 14 Peer variance is calculated in a similar way.
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The experiment that could ideally be used to capture the causal effect of peer achievement and peer heterogeneity on student achievement would be random grouping of pupils into classes. Pupils who enter a G5 school after four years of primary education are in a similar situation since parents and schools have limited capabilities to condition their schoolchoice decisions on peer ability and heterogeneity and G5 schools might also not be interested in doing so.
In primary education, the mean and variance of peer achievement could be endogenous for several reasons. If ambitious parents systematically keep their child away from attending classes or schools with underperforming or very heterogeneous peers, and if they are more likely to support the educational progress of their child (e.g. homework assistance, private tuition), then achievement growth and peer characteristics might be correlated. Endogeneity caused by omitted variables could also arise in elementary schools if certain school principals are interested in raising mean achievement by ability-grouping of pupils into classes. To do so, however, parents and school principals need to monitor pupils for a certain time.
These problems do not arise or can be accounted for in G5 schools at the beginning of the fifth grade. Parents have to apply for a G5 school six months in advance of which implies that they cannot condition their application (and registration) at least on peer heterogeneity of the future G5 class. However, parents can expect that peer achievement in math is higher in 14 To make this point clear, let be the mean achievement in 's class (including 's own test score) which implies if two (different) pupils and attend the same class. Further, let be the correlation coefficient between two variables and . Obviously, ( ) . If ( ) is also true, then and must be positively correlated. 15 The computation of peer achievement and variance is explained in more detail in Table A 1. G5 schools with an emphasis on science.
16 Therefore all regressions for the impact of peer characteristics on math growth solely exploit within-school variation in the dependent and explanatory variables.
When G5 schools newly build up classes at the fifth grade, there is no reason to assume that the mean or variance of peer achievement is a determinant in this process: (i) the pool of applicants consists of high-achieving pupils with favorable learning environments.
Therefore ability-grouping should not play an important role in G5 schools.
(ii) Even if G5 schools aim at grouping pupils by skill, they have insufficient information to do so. Selection into G5 schools mainly depends on a pupil's ability which is measured by school grades from elementary school. Compared to standardized achievement tests, school grades are far from a perfect measure of skills. 17 At best, school grades allow comparisons of pupils that attended the same class in elementary school. However, the number of elementary schools is 13 times larger than the number of G5 schools such that most fifth-graders in G5 schools previously attended different classes in different elementary schools. 18 Even if pupils are homogenous in terms of school grades, they might still be heterogeneous in skills. (iii) The descriptive statistics in Table 1 suggest that G5 schools do not seek to sort pupils by skill since G5 classes are more heterogeneous in math achievement than classes in elementary education. When building up new classes at the fifth grade, it is more likely that G5 schools try to balance the shares of boys and girls across classes. As shown in OECD (2004), girls outperform boys in reading and underperform in math. 19 Consequently, it is difficult to build up mixed classes that are homogenous in math and reading achievement at the same time.
This reasoning motivates the identification strategy: within-school variation in the mean and variance of peer achievement is assumed to be exogenous and estimates of their coefficients may be interpreted causally. To test the exogeneity of peer achievement and variance at the fifth grade in G5 schools, these two variables are regressed on math achievement and other explanatory variables in Table 2 . All variables are measured at the beginning of the school year. For easier interpretation, the dependent variables have been rescaled to mean zero and standard deviation one. Columns 1 and 3 do not account for school fixed effectsthese are controlled for in columns 2 and 4.
In the case of perfect randomization, one would expect insignificant estimates with absolute values close to zero. One can infer from Table 2 , column 1 that higher-achieving students are more likely to have abler peers. The point estimate is large and highly significant.
Thus results from regressions that exclude school fixed effects might be biased because of self-selection of high-achievers into classes with abler peers. As already mentioned, mean math achievement could be higher in G5 schools that put an emphasis on science and lower in G5 schools focusing more on humanities. The results from column 2 seem to confirm this hypothesis: once school fixed effects are accounted for, the point estimate for math achievement remains significant, but turns negative with an absolute value close to zero. Similarly, peer variance and student achievement are correlated, but point estimates in columns 3 and 4 are also close to zero.
Regarding the remaining explanatory variables, there seems to be no systematic selfselection into classes or schools with specific levels of peer achievement or variance since most related coefficients are either insignificant or close to zero. Further, the few significant estimates are not robust since they are sensitive to the in-or exclusion of school fixed effects.
Summing up, endogeneity cannot be ruled out completely, but is likely to play a minor role once school fixed effects are taken into account.
Results
The impact of peer characteristics on achievement growth is estimated with the following baseline-model of educational production: is pupil 's math test score at the end of the fifth grade as indicated by the subscript 1. All variables on the RHS are indexed with 0 which stands for "beginning of fifth grade". The explanatory variables are therefore predetermined which rules out simultaneity. Peer achievement is the average test score of 's classmates at the beginning of the fifth grade. By assumption, sufficiently captures past school and family inputs of the peers. Since G5
classes are built up from a large pool of elementary school fourth-graders, the probability is small that pupils who are grouped into a G5 class previously attended the same elementary school classes. Therefore should not be biased because of peer-interactions in the past.
is the variance of 's peers. is pupil 's class percentile rank in math test scores. By definition, .
Within classes, the highest-achieving pupil has rank one, the median-achiever has rank 0.5 and the lowest-achiever has been assigned rank zero. , the math test score at the beginning of the fifth grade, is the most important control variable. It captures 's past educational inputs and additionally accounts for the correlation between and .
20 is a column-vector which contains a constant and a set of additional controls, namely: age, a girl dummy, and the highest educational background of parents. is a school fixed effect. Disturbances allow for correlated residuals among students that attend same G5 classes. tional controls -these are taken into account in section B. Across all specifications (columns 1-4) the results are not sensitive to the inclusion of but become somewhat more precise. For easier interpretation, peer achievement and peer variance have sample mean zero and standard deviation one.
Estimates in column 1 suggest that higher ranked pupils learn more during a school year.
21 This is consistent with Cullen, Jacob, and Levitt (2006) , who also find that a student's relative position among his/her peers is an important determinant of his/her success in school.
The point estimate for peer variance is close to zero and insignificant. The impact of peer achievement is positive and significant in section B only, the significance test yields a p-value of 0.13 in section A.
In both sections, the effect of peer achievement is estimated with low precision since highly ranked pupils benefit less from an increase in peer achievement (column 2). Based on the estimates in section B, column 2, the total derivative with respect to peer achievement and class percentile rank is:
The first term indicates that students benefit from a rank increase, however, the effect is smaller in classes with high peer achievement. 22 Regarding the second term, all pupils benefit from an increase in peer achievement since , but highly ranked pupils do so to a smaller extent. 23 One common explanation for this pattern is that low-ability students might learn from better-achieving peers during a school year. Since highly ranked pupils do not have this advantage, their returns to an increase in peer achievement decline. Further, one can infer from these findings that placing an (average) pupil into a class with low peer achievement is not necessarily harmful: on the one hand, that pupil's educational progress is lowered by 21 All regressions in Table 3 and Table 4 control for student achievement at the beginning of the fifth grade. 22 The effect in the first term becomes negative if , which is extremely high. 23 This relation is also found in Sund (2009) and Zimmer (2003) .
his/her peers, on the other, that pupil is likely to benefit from an increase in his/her percentile rank.
The third column in Table 3 checks whether pupils also respond differently to changes in peer variance. Similar to the previous specifications (columns 1-2), peer variance does not harm G5 fifth-graders. The fully interacted model (column 4) confirms the findings from the second specification: pupils benefit from an increase in peer achievement or their rank and peer variance is irrelevant. These patterns (significance levels, relations among estimates) remain the same if controls for missing or imputed values are left out from the regressions, but absolute values of the estimates become about 10% larger in that case.
So far, the results show that peer heterogeneity does not harm student achievement. To test this finding, Table 4 reports results for alternative measures for heterogeneity. Column 1 controls for peer variance. These estimates are therefore identical with the fourth column in Table 3 , section B. In the second column of Table 4 , peer standard deviation instead of peer variance is used to measure heterogeneity. The additional alternative measures (columns 3-6) are constant among pupils that attend the same classes -these measures therefore only vary across classes. Columns 3 and 4 report results for the "common" variance and standard deviation (including pupil ), respectively. Columns 5 and 6 show results for two measures for the range. The range is defined as the test score difference between two pupils that attend the same class. Range(100/0) is the test score difference between the most able and the least able student whereas range(90/10) captures the test score difference of the two pupils with percentile ranks 0.90 and 0.10.
All estimates for the impact of peer heterogeneity and the interaction between rank and peer heterogeneity are (jointly) insignificant in Table 4 and the main findings from Table   3 are confirmed. The results in Table 4 are virtually unaffected by the in-or exclusion of additional controls and control variables for missing or imputed values. If peer achievement and various measures for peer heterogeneity are not interacted with the percentile rank, the results become very similar to the findings reported in Table 3 , column 1.
5.
Are pupils better off in a comprehensive or ability-tracked school system? This section aims to identify which groups of pupils are better off in ability-tracked compared to comprehensive school systems. Ability-tracking implies that the heterogeneity in student achievement within tracks is smaller than the heterogeneity of the whole student body. Further, mean achievement of students enrolled in the highest-level track should exceed mean achievement in the lower-level tracks. Compared to ability-tracking, classes in comprehensive schools are similar in terms of mean achievement and tend to be more heterogeneous.
Hanushek and W oessmann ( ) provide empirical evidence that the heterogeneity of the student body increases in countries with tracked school systems. They also find that early tracking might reduce mean performance.
Simulations allow us to identify students that would benefit and suffer from a schoolsystem change from ability-tracking towards comprehensive school. Using the estimates from the previous section, one can predict and compare each student's achievement in both school systems. The setup of the simulation implemented here is simple: there are two points in time, beginning and end of the school year which are referred to as time 0 and time 1. In time 0, a pupil's initial ability is drawn from the standard normal distribution. These pupils are then either grouped by ability into three different tracks or randomly placed into classes. 24 For both scenarios (tracked or comprehensive school), the rank and peer achievement are computed for time 0. In time 0, the expected value of mean achievement in the middle track equals the expected value of mean achievement in any comprehensive school class. Using the estimates in Table 3 (column 2, section B), each pupil's potential achievement growth in both school sys-tems is predicted. 25 Predictions solely depend on the rank, peer achievement and the interaction between rank and peer achievement.
The winners and losers from a school system change towards comprehensive school are described in Table 5 . In columns 1 and 2, pupils are assigned to six groups (column 1)
depending on their initial achievement in time 0. Initial achievement is drawn from the standard normal distribution. Pupils are then ordered by their percentile in the achievement distribution (column 2). For instance, all pupils in group 1 and 2 belong to the bottom third of the achievement distribution.
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Columns 3 to 5 contain information about each group's situation in a scenario of perfect ability-tracking. One can infer from column 3, that all pupils from group 1 and 2 would have attended lower-secondary school, and all pupils from the top third of the achievement distribution (groups 5 and 6) would be enrolled in upper-secondary education. In an abilitytracked system, peer achievement is heterogeneous among secondary school types (column 4). For example, average-achievers (groups 3 and 4) are expected to attend middle-secondary school where peer achievement is expected to be zero which is the median of the standard normal distribution. Consequently, peer achievement in lower-secondary or upper-secondary school is expected to be smaller or greater than zero, respectively. Regarding their ranks, pupils from groups 2, 4, and 6 are expected to have high ranks within their assigned secondary school track (column 5). 27 For instance, pupils from group 4 do not belong to the highestachievers in the whole student body (see column 2). Within middle-secondary school, however, column 5 shows that these pupils are likely to have high ranks. 25 The results presented in this section are not sensitive to the used set of estimates from column 2 (section A or B, with or without controls for missing and imputed values). 26 The numerical values of the thresholds in column 2 are obtained from a large number (10,000) of replications. For each replication, these thresholds somewhat differ from the values in column 2. Column 2 reports average values of thresholds across all replications. 27 The numerical values of the thresholds in column 5 are calculated from the values in column 2: , ̅ , and ̅ .
Columns 6 to 8 display each groups' situation in the comprehensive school scenario.
Regardless of their initial ability (column 2), all pupils would have attended comprehensive school (column 6). Peer achievement in comprehensive school is expected to be zero which is the mean of the standard normal distribution (column 7). Since pupils are grouped randomly into classes, each class might be considered as a representative sample of the whole student body. Therefore each pupil's rank (column 8) and percentile in the achievement distribution (column 2) are expected to be very similar in comprehensive school. For instance, the highestachievers among all students (group 6, column 2) are expected to have the highest ranks in comprehensive school, too.
As already mentioned in the previous section, placing an (average) pupil into a class with low peer achievement is accompanied by two adverse effects: on the one hand, that pupil suffers from the low achievement of his/her peers, on the other, that pupil is likely to benefit from an increase in his/her percentile rank. To identify the winners and losers from a school system change towards comprehensive school, one first needs to predict student achievement in time 1 for both scenarios:
Where the superscript indicates the type of school system (tracked or comprehensive). The coefficients are from Table 3 , section B, column 2. From the viewpoint of the simulation, a school system change simply implies a change in peer achievement and class ranks in time 0:
Here, a change towards comprehensive school is considered. Therefore is defined as . The same reasoning applies for the remaining variables. The six groups of pupils in Table 5 are differently affected by a change of the school system from ability-tracking to-wards comprehensive school. Column 9 shows the expected changes in peer achievement : for instance, all pupils that would have attended lower-secondary school (groups 1 and 2) experience higher levels of peer achievement in comprehensive school, therefore a school system change towards comprehensive school would imply an increase in peer achievement for these pupils. However, potential upper-secondary school pupils (groups 5 and 6) are confronted with less abler peers in comprehensive school as indicated by the negative values of .
Column 10 shows the expected change in the rank . Pupils that would have attended upper-secondary school (groups 5 and 6) clearly benefit from a rank increase in the case of school system change towards comprehensive school. On the other hand, potential lower-secondary school pupils (groups 1 and 2) are ranked lower in comprehensive school.
Among all subgroups, pupils from the second or fifth group are expected to experience the largest changes in their rank.
The main finding from the simulations is reported in column 11: pupils that would be ranked around 0.50 or below in secondary school (column 5) are the winners from a change in the school system. 28 This result differs from Zimmer (2003) who suggests that that detracking schools has positive effects on all lower-achieving students but no effects on high-achievers.
Since student achievement in time 1 can be predicted for the ability-tracked and comprehensive school scenario, one can quantify the shares of winners (and losers) form a change towards comprehensive school. The expected value for the share of winners is 53% which indicates that slightly more than the majority of students are (expected to be) better off in comprehensive school. 29 Further, all replications show that mean achievement of the whole 28 To be more precise, the winners are potential lower-secondary pupils with tracked percentile rank below 0.39 (group 1), potential middle-secondary pupils with tracked percentile rank below 0.50 (group 3), and potential upper-secondary pupils with tracked percentile rank below 0.64 (group 5).
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∑ , where is the total number of replications and is the share of winners in replication . Consequently, is the related share of losers. The simulations show that , and , , and . The three probabilities sum up to 1. student body (in time 1) is slightly larger in the comprehensive school scenario. The student body also becomes a bit more homogenous in time 1 if the school system changes towards comprehensive school. These findings therefore provide a possible explanation for the results reported in Hanushek and W oessmann ( ).
Concluding remarks
This paper intends to estimate the causal impact of peer achievement and of various measures for peer heterogeneity on math achievement. Exploiting a natural experiment in a sample of Berlin fifth-graders in upper-secondary school, the results indicate that pupils benefit from abler peers, but pupils with high class percentile ranks do so at diminishing rates. Holding other things constant, a one standard deviation increase in peer achievement at the beginning of a school year improves a median-ranked student's test score by roughly 0.12 standard deviations. Further, peer heterogeneity seems not to harm achievement growth.
Depending on the estimates, results from simulations suggest that pupils are slightly better off in comprehensive than in ability-tracked school systems. To be more precise, all pupils that would have been below-median-achievers in their assigned track benefit from a school system change towards comprehensive school. In that case, however, achievement growth of the other half of students is reduced. This differs from Zimmer (2003) who finds that detracking schools has positive effects on all lower-achieving pupils but no effects on high-achievers. The simulations also show that both, the degree of homogeneity and mean achievement of the student body, are somewhat higher in the comprehensive school scenario.
Regarding external validity, all results might be representative for upper-secondary school pupils only.
Basically, this study made a before-after comparison: how will the outcome variable look like in time 1 if explanatory variables are changed in time 0? I do not make an attempt to uncover the mechanisms that operate during a school year, which is challenging because of, for instance, the presence of simultaneity. As mentioned by Hanushek et al. (2003) , "The role of peers can be complex. Influences may come from friends or role models, or peer group composition may alter the nature of instruction in the classroom… The most common perspective is that peers, like families, are sources of motivation, aspiration, and direct interactions in learning." Further research could also address the question why students additionally benefit from their class percentile rank even if past student achievement is taken into account. Standard deviations not reported for dummy variables. The column "missings" reports the share of missing values. "Math achievement (end)/(beginning)" is the student's math achievement at the end/beginning of the fifth grade. Original test score values have been rescaled to mean zero and standard deviation one at the beginning of the fifth grade in G5 schools (see Table A 1 for additional information). "Peer achievement" and "peer variance" are the achievement mean and variance of a pupil's classmates (both measured at the beginning of the fifth grade). Parental education is measured by the highest secondary school degree of the parents. Significance levels: * 10%, ** 5%, *** 1%. Robust standard errors that allow for correlated residuals among students in the same class are in parentheses. Used data: ELEMENT fifth-graders in G5 schools (1642 observations). "Additional controls" are: age, a girl dummy, books at home, and parental education. All explanatory variables are measured at the beginning of the fifth grade. All regressions include a constant, student achievement in math (beginning of the school year), school fixed effects, and controls for missing or imputed values. "Rank" is a pupil's class percentile rank in math. By definition, the rank lies between zero and one. "Peer achievement" and "peer variance" are the achievement mean and variance of a pupil's classmates. For easier interpretation, "Peer achievement" and "Peer variance" have sample mean zero and standard deviation one. "Rank*p-achievement" is an interaction term between pupil Rank and peer achievement. "Rank*p-variance" is constructed in the same manner. Significance levels: * 10%, ** 5%, *** 1%. Robust standard errors that allow for correlated residuals among students in the same class are in parentheses. Used data: ELEMENT fifth-graders in G5 schools (1642 observations). " Joint p-value" is the p-value for the joint significance of the measure of heterogeneity and its interaction. "Peer variance" is the achievement variance of a pupil's classmates. "Variance" and "standard deviation" are the within-class variance and standard deviation in student achievement. The range is defined as the test score difference between two pupils that attend the same class. "Range(100/0)" is the test score difference between the most able and the least able student whereas "range(90/10)" captures the test score difference of the two pupils with percentile ranks 0.90 and 0.10. All regressions include a constant, student achievement in math (beginning of the school year), school fixed effects, age, a girl dummy, books at home, parental education and controls for missing or imputed values. 
Tables

Computation of the class percentile rank
For any class of size , pupils are ordered by their achievement at the beginning of the school year and indexed. Generally, the index of the highest-achiever is and the lowest achiever has index 1. Pupils with equal test score are assigned the average index. Let denote the index of pupil who attends class .
Then, a pupil's rank is .
